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1. A liquid-phase electromobility focusirjg separation system configured to separate at least one 
discrete analyte species from an analyte Sample, comprising: 

a first separation channel defined bjjTconfineme^enclosing an interior channel volume, 
said first separation channel having ficst and second ends and a longitudinal axis, and said first 
separation channel being configured jo contain an electrolyte solution within the interior channel 
volume, said separation channel presiding the only flowpath for both the analyte sample and the 

electrolyte solution; / 

"a continuous electric field intensity gradient generator|configured to apply a electric field 
intensity gradient within the first separation-channel along the longitudinal axis over at least a 
portion of the first separation channel intermediate the first and second ends, the intensity of 
electric field generated varyini as a continuous function of location along the longitudinal axis, 
|whereby electrophoretic mig/ation of an analyte species within the first separation channel is 
actuated by a force that variis with position along the longitudinal axis as a continuous function 
of position along the longittidinal axis within said portion of the first separation channel^ 

an electroosmotic flow generator configured to generate an electroosmotic flow along the 
longitudinal axis of the fist separation channel, which electroosmotic flow is variable as to at 
least one^of: (i) the magnitude of the flow, and (ii) the direction of the flow, to. enhance 
separation of said at leafet one analyte species by enabling separation control of an interaction of 
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forces it created by the continuous electric field intensity gradient generator and the 
electroosmotic flow generator. / 

2. A system as in claim 1, wherein the electroosmotic flow generator comprises a power supply 

/ r 

and a distributed source of potentia/ positioned adjacent said containment, whereby zeta potential 
of an interior surface in fluid contact with the first separation channel can be altered by at least 
one of: / 

a) applying a potential, and / 

b) altering at least one of (tf the magnitude, and (ii) polarity, of potential applied, to the 
distributed source of potential from the power supply. 

3. A system as in claim If, wherein the continuous electric field intensity gradient generator 
further comprises: / 

a cathode positioned adjacent one of the first and second ends of the first separation 
channel; / 

an anode positioned adjacent the other of the first and second ends of the first separation 
channel; / 

a power supcfly in electric communication with the cathode and the anode; 

a continuously varying resistor in fluid communication with the first separation channel 
along at least a pomion of the longitudinal axis intermediate the first and second ends, said 
resistor having a resistance that varies as a continuous function of position along the longitudinal 
axis of the first separation channel, whereby an electric potential in the electrolyte fluid varies as 
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a non-linear continuous function of position/along the longitudinal axis of the first separation 
channel and, as a result, the electric field intensity varies' as a continuous function of position 
along the longitudinal axis over at least a/portion of the first separation channel intermediate the 
first and second ends. 



4. A system as in claim 3, wherein the continuous electric field intensity gradient generator 
comprises a continuously varying resistor comprising^contour resistor|n fluid communication 
with the first separation channel aflorig at least a portion of the longitudinal axis intermediate the 
first and second ends, said resistor having a resistance that varies as a continuous function of 
position along the longitudinayaxis of the first separation channel, whereby an electrical potential 
in the electrolyte fluid varies as a non-linear continuous function of position along the 
longitudinal axis of the firsy separation channel and, as a result, the electric field intensity varies 
as a continuous function of position along the longitudinal axis over at least a portion of the first 
separation channel intermediate the first and second ends. 



5. A system as in clajm 4, wherein the continuously varying resistor comprises /a filament within 
the first separation channel. v 



6. A system as in claim 4, wherein the continuously varying resistor comprisesjzTpacking within 
the first separation channel that varies in resistivity as a continuous function of position along the 
longitudinal a>(is. J 
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7. A system as in claim 3, wherein said contour resistor comprises a conductive material having 
a cross sectional shape which varies as a continuous function of position along the longitudinal 
axis. j / 

8. A system as in claim 3, wherein said contour resistor has a material property that varies as a 
continuous function of position alon^said longitudinal axis. 

9. A system as in claim 1, further comprising an electrolyte solution disposed in the first 
separation channel. ^ / 

10. A system as in claim 9, wherein the electrolyte solution comprises a buffer solution. 

1 1 . A system as in claim 9/further comprising a gel disposed in the first separation channel. 

12. A system as in clainy 9, further comprising a polymeric solution disposed in the first 

m / 

separation channel. / 

13. A system as in claim 9, further comprising a micellular dispersion disposed in the first 
separation channel. / 

/ * ^ 

14. A system as iri claim 1, wherein the containment is configured to provide a high aspect 

substantially rectingular cross-sectional shape for the first separation channel. 
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15. A system as in claim 14, wherein the electroosmotic flow generator comprises a first plate 
disposed adjacent one side of the containment and configured to alter the zeta potential on an 
interior surface of the first separation channel adjacent the first side of the containment and a 
second plate adjacent a second side of the containment configured to alter the zeta potential on an 
interior surface of the containment adjacent the second side of the containment. 

/ <C r 

16. A system as in claim 1, further comprising a firft orientation electric field generator. 

// / 

17. A system as in claim 16, wherein thfe first orientation electric field generator comprises an 
electroosmotic flow generator further comprising a first plate disposed adjacent one side of the 
containment and configured to alter the zeta potential on an interior surface of the first separation 
channel adjacent the first side of the/ containment and a second plate adjacent a second side of the 
containment configured to alter the zeta potential on an interior surface of the containment 
adjacent the second side of the containment, wherein the first plate and the second plate are 
brought to different potentials so as to create an alignment electric field configured to align 
bipolar molecules in directions normal to the first and second plates. 

18. A system as in claim lo, wherein the orientation electric field oscillates at a selected 
frequency. ^ / 

19. A system as in claim 16, further comprising a second orientation electric field generator 
configured for generating a second orientation electric field acting in a direction normal to the 
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first orientation electric field, wherein the first arid second orientation electric fields can be varied 
to orient bipolar molecules to a selected orientation by cooperation between the first and second 
orientation alignment electric fields. 

20. A system as in claim 1 , further comprising a detector configured for detecting analyte species 
in said first separation channel, said detector being positioned intermediate the first and second 
ends of said first separation>channel. 

21 . A system as in claim 20, further comprising: 

a steering valve in fluid communication with the first separation channel, said steering 
valve comprising a connecting cnannel and configured to selectively divert fluid containing 
analyte species from said first separation channel at a location intermediate the first and second 
ends of the first separation channel into the connecting channel; 

a second separation channel adapted for containing electrolyte fluid and analyte species, 



said second separation channel having a longitudinal axis and a first end and a second end, said 
second separation channel being in fluid communication with the connecting channel of said 
steering valve at a location intermediate said first and second ends, said second separation 
channel further compr/singja^second electric field generatqr]ponfigured for moving analyte 
species along the se</ond separation channel by at least one -of electrophoretic migration and 
electroosmotic flo\ 
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22. A system as in claim 21, further comprising an analyte concentrator located in said second 
separation channel intermediate the first and second ends. 

23. A system as in claim 22, wherein skid analyte concentrator comprises a line source of electro 
potential and an isolated ground, whe/eby an electric field generated by the second electric field 
generator can be locally altered so as to focus an analyte species at a location intermediate the 
first and second ends of the second/separation channel. 

24. A system as in claim 23, further comprising a first electrode positioned at a first point along 
the longitudinal axis of the secdnd separation channel, 1 said first electrode being connected to said 
isolated ground, and a second electrode positioned at a second point along said longitudinal axis 
of the second separation charfnel, said second electrode being connected to a source of potential, 
said source of electro potenpal being also connected to the isolated ground. 

25. The system of claim 24, further comprising an analyte species detector positioned 
intermediate said first electrode and said second electrode. 

26. An electromobiliW focusing separation system configured to separate analyte species in a 
fluid sample containing at least one analyte spiecies, comprising: 

a first separation channel defined by a containment forming a first elongated separation 
channel chamber having a longitudinal axis and first end and a second end, said containment 
configured to contain the fluid sample in the first elongated separation channel chamber, 
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an electrolyte solution contained within the first separation channel 

an anode adjacent and in fluid communication with the first end of the first elongated 
separation channel chamber, 

a cathode adjacent and in fluid Communication with the second end of the first elongated 
separation channel chamber, 

said containment and said electrolyte solution cooperating to provide a charge 
accumulation at interior wall surfaces of the first elongated separation channel chamber in 
response to an applied potential s</ as to give rise to bulk electroosmotic flow of the electrolyte 
solution, 

a first power supply in electric communication with the anode and the cathode and 
configured to provide an electrical potential there between, whereby electrophoretic migration of 
analyte species and electroosmotic bulk flow of the electrolyte solution is enabled, 

a sample injection pon coupled to the separation channel, the sample injection port being 
in fluid communication with the electrolyte solution and enabling injection of a fluid sample 
containing one or more analvte species into the electrolyte solution, 

a resistor disposed parallel and in fluid communication with the first elongated separation 
channel chamber along at least a portion of said first elongated separation channel chamber 
intermediate the first and/second ends thereof, said resistor having a variable resistance varying 
as a continuous fiinctioi/ of position along the longitudinal axis of said first elongated separation 
channel chamber; andJ 




a second electric field generator/configured to control the direction and velocity of the 



electroosmotic bulk/flow of the electrolyte solution; 
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whereby electrophoretic migration'of analyte species is effected by an electric field 
intensity which varies as a continuous miction of position along the longitudinal axis of said first 
elongated separation channel chamber at locations adjacent the resistor, and electrophoretic 
migration of analyte species and electrlosmotic bulk flow of the electrolyte solution can combine 
to separate analyte species along the longitudinal axis of the first elongated separation channel. 



27. A system as in claim 26, wherein the electroosmotic bulk flow is in a direction opposite to a 



direction of electrophoretic migra/ion of analyte species of interest 



28. A system as in claim 26, whereii^the electroosmotic flow generator Comprises a power 
supply and a distributed sourcfe of potential positioned adjacent said containment on an exterior 
surface, whereby zeta potential of an interior surface in fluid contact with the first separation 

channel can be altered by at/least one of: 

/ / 

a) applying a potential; and, 

b) altering at least/one of (i) the magnitude, and (ii) polarity, of potential applied to the 
distributed source of potential from the power supply. 



29. A system as in claim 26, wherein said resistor is a contour resistor in fluid communication 
with the first separation channel along at least a portion of the longitudinal axis intermediate the 
first and second ends/, said resistor having a resistance that varies as a continuous function of 
position along the lingitudinal axis of the first separation channel, whereby an electric potential 
in the electrolyte fl/iid varies as a non-linear continuous function of position along the 
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longitudinal axis of the first separation channel, and as a result the electric field intensity varies 
as a continuous function of position along the longitudinal axis over at least a portion of the first 
separation channel intermediate the first and second ends. 



ro 
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30. A system as in claim 26, wherein the resistor is a continuously varying resistor in fluid 
communication with the first separation channel alongjit least a portion of the longitudinal axis 
intermediate the first and second ends, said resistor having a resistance that varies as a 
continuous function of position along the longitudinal axis of the first separation channel, 
whereby an electric potential in the electrolyte fluid varies as a non-linear continuous function of 
position along the longitudinal axis of the first separation channel, and as a result the electric 
field intensity varies as a continuous function of position along the longitudinal axis over at least 
a portion of the first separation channel intermediate the first and second ends. 



u 
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31. A system as in claim 30, wherein the continuo^ a filament 

within the first separation channel. 
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32. A system as in claim 30, wherein the continuously varying resistor comprises a packing 
within the first separation channel that varies in resistivity as a continuous function of position 
along the longitudinal axis. 
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fid contour resistor comprises a conductive material 
ries as a continuous function of position along the 

34. A system as in claim 29, wherein said contour resistor has a material property that varies as a 
continuous function of position along said longitiidinal\xis. 

35. A system as in claim 26, further comprising an electrolyte solution disposed in the first 
separation channel. / 

36. A system as in claim 35, wherein the electrolyte solution comprises a buffer solution. 

37. A system as in clair™35, further comprising a gel disposed in the first separation channel. 

38. A system as in claim 35, further comprising a polymeric solution disposed in the first 
separation channel. / 

39. A system as in claim 35, further comprising a micellular dispersion disposed in the first 
separation channel./ 

40. A system as m claim 26, wherein the containment is configured to provide a high aspect 
substantially rectangular cross-sectional shape for the first separation channel. 
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33. A system as in claim 29, wherein sa 
having a cross-sectional shape which v^e 
longitudinal axis. 







41. A system as in claim 40, wherein the electroosmotic flo^v generatorlcomprises a first plate 



disposed adjacent one side of the containment and configured to alter the zeta potential on an 
interior surface of the first separation channel adjacent the first side of the containment and a 
second plate adjacent a second ^(de of the containment configured to alter the zeta potential on an 
interior surface of the containment adjacent the second side of the containment. 



42. A system as in claim 26, further comprising a first orientation electric field generator. 



43. A system as in claim 42, wherein the first orientation electric field generator comprises an 
electroosmotic flow generator further comprising 



j^first plate disposed adjacent one side of the containment and configured to alter the zeta 

potential on an interior surface of the first separation channel adjacent the first side of the 
containment, and / 

a second plate/adjacent a second side of the containment configured to alter the zeta 
potential on an interior surface of the containment adjacent the second side of the containment, 
wherein the first plaie and the second plate are brought to different potentials so as to create an 
alignment electric field configured to align bipolar molecules in directions normal to the first and 
second plates, j 

44. A system ks in claim 43 wherein the orientation electric field oscillates at a pre-selected 
frequency. / 
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45. A system as in claim 43, farther comprising a second orientation electric field generator 
configured for generating a second orientation electric field acting in a direction normal to the 
first orientation electric field, wherein pe first and second orientation electric fields can be varied 
to orient bipolar molecules to a selected orientation by cooperation between the first and second 
orientation alignment electric fields. 



46. A system as in claim 26, further comprising a detector configured for detecting analyte 
species in said first separation channel, said detector being positioned intermediate the first and 
second ends of said first separation channel. 

47. A system as in claim 46, further comprising: 

a steering valve in fMd communication with the first separation channel, said steering 
valve comprising a connecting channel and configured to selectively divert fluid containing 
analyte species from said first separation channel at a location intermediate the first and second 
ends of the first separation/channel into the connecting channel; 

a second separation channel adapted for containing electrolyte fluid and analyte species, 
said second separation caannel having a longitudinal axis and a first end and a second end, said 
second separation channel being in fluid communication with the connecting channel of said 
steering valve at a loca/ion intermediate said first and second ends, said second separation 
channel further comp^sing^second electric field generatorjconfigured for moving analyte 
species along the second separation channel by at least one of electrophoretic migration and 
electroosmotic flo\ 
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48. A system as in claim 47, further comprising an analyte concentrator located in said second 
separation channel intermediate the first/and second ends. 

49. A system as in claim 48, wherein tfaid analyte concentrator comprises at least one line source 
of electro potential and an isolated ground, whereby an electric field generated by the second 
electric field generator can be locally altered so as to focus an analyte species at a location 
intermediate the first and second ends of the second separation channel. 

50. A system as in claim 49, further comprising a first electrode positioned at a first point along 
the longitudinal axis of the second separation channel, said first electrode being connected to said 
isolated ground, and a second eLbctrode positioned at a second point along said longitudinal axis 
of the second separation channel, said second electrode being connected to a source of potential, 
said source of electro potential being also connected to the isolated ground. 

51. The system of claim 50, /further comprising an analyte species detector positioned 
intermediate said first electrode and said second electrode. 

52. An electromobility focusing separation system configured to separate analyte species in a 
fluid sample containing at least one analyte species, comprising: 

a first separation channel defined by a containment forming a first elongated separation 
channel chamber having 1 longitudinal axis and first end and a second end, said containment 
configured to contain thef fluid sample in the first elongated separation channel chamber; 
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an electrolyte solution contained Within the first separation channel, 
said containment and said electrowte solution cooperating to provide a charge 
accumulation at interior wall surfaces off the first elongated separation channel chamber so as to 
give rise to bulk electroosmotic flow oy the electrolyte solution; 

an anode adjacent and in fluicy communication with the first end of the first elongated 
separation channel chamber; 

a cathode a adjacent and in f/uid communication with the second end of the first 
elongated separation channel champer; 

a first power supply in electrical communication with the anode and the cathode and 
configured to provide an electricafl potential there between, whereby electrophoretic migration of 
analyte species and electroosmotic bulk flow of the electrolyte solution is enabled; 

a sample injection port intermediate the first and second ends of the separation channel, 
the sample injection port being in fluid communication with the electrolyte solution and enabling 
injection of a fluid sample containing one or more analyte species into the electrolyte solution; 

a contour resistor disposed parallel and in fluid communication with the first elongated 
separation channel chamber along at least a portion of said first elongated separation channel 
chamber intermediate the first and second ends thereof, said contour resistor having a variable 
resistance varying as a continuous function of position along the longitudinal axis of said first 
elongated separation channel chamber; and, 

a second electric field^enerator configured to control the direction and velocity of 



electroosnAtic bulk flo3 of the electrolyte solution, whereby electrophoretic migration of analyte 
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species is 



effected by art electric field intensity which varies as a continuous function of position 
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along the longitudinal axis of said first elongated separation channel chamber at locations 
adjacent the contour resistor, and electrophoretic migration of analyte species and electroosmotic 
bulk flow of the electrolyte solution can combine to separate analyte species along the 
longitudinal axis of the first elongated separation channel; 

a detector configured for detecting analyte species in said first separation channel, said 
detector being positioned intermediate the fi/st and second ends of said first separation channel. 

53. A system as in claim 52, further comprising: 

a steering valve in fluid communication with the first separation channel, said steering 
valve comprising a connecting channel fend configured to selectively divert fluid containing 
analyte species from said first separation channel at a location intermediate the first and second 
ends of the first separation channel imto the connecting channel; 

a second separation channeyadapted for containing electrolyte fluid and analyte species, 
said second separation channel having a longitudinal axis and a first end and a second end, said 
second separation channel being An fluid communication with the connecting channel of said 
steering valve at a location inte/mediate said first and second ends, said second separation 
channel further comprising a sfecond electric field generator configured for moving analyte 
species along the second separation channel by at least one of electrophoretic migration and 
electroosmotic flow. / 

54. A system as in claim S3, further comprising an analyte concentrator located in said second 
separation channel intermediate the first and second ends. 
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55. A system as in claim 54, wherein said analyte concentrator comprises a line source of electro 
potential and an isolated ground, whereby an electric field generated by the second^electric field 
generator can be locally altered so as to focus an analyte species at a l^^op^ntermediate the 
first and second ends of the second separation channel. 

56. A system as in claim 55, further comprispig a first electrode positioned at a first point along 
the longitudinal axis of the second sep^tion channel, said first electrode being connected to said 
isolated ground, and a second etetfttode positioned at a second point along said longitudinal axis 
of the second separation channel, said second electrode being connected to a source of potential, 
said source of electro^totential being also connected to the isolated ground. 

57. The system of claim 56, further comprising an analyte species detector positioned 
intenrfediate said first electrode and said second electrode. 
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